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Normal umbilical cord blood gas values are provided again for assistance in interpreting the values in the case presented (Table 1) .
CASE REPORT
The mother was a 26-year-old, gravida 4, para 4, aborta 0 with an intrauterine pregnancy at 40 weeks' gestation by good dates. Membranes had ruptured spontaneously 2 hours earlier. At 3 days before admission, a nonstress test was reactive but had several mild variable decelerations. During labor, the fetal heart monitor revealed a spontaneous deceleration to 60 beats per minute for 3 minutes. The patient was taken to the delivery room, and again the fetal heart rate monitor revealed bradycardia to 60 beats per minute. The infant was then delivered by therapeutic outlet forceps. The umbilical cord was tight around the shoulder and body. Apgar scores were 6 and 9 at 1 and 5 minutes, respectively.
Cord blood gases (all given as pH/PCO 2 /PO 2 /base excess) were as follows: umbilical vein, 7.22/52/18/Ϫ7; umbilical artery, 7.10/70/10/Ϫ11. Considering this case, pick the single best interpretation of the umbilical cord blood gases from the following choices. a) Mild respiratory and mild metabolic acidosis in both venous and arterial samples; b) Widened differences (deltas [differences between venous and arterial pH, PCO 2 , PO 2 , and base excess] being greater than expected) likely resulting from partial occlusion of the umbilical cord; c) Inadvertent exposure of the arterial sample to exhaled air from a nearby observer; d) Miscalculation of the base excess in the arterial sample; e) None of the above.
DENOUEMENT AND DISCUSSION Interpreting Umbilical Cord Blood Gases, V
The best interpretation for this case is "b." Each choice is explained below.
a) The respiratory and metabolic acidoses in the venous sample are both mild; however, the respiratory acidosis in the arterial sample is at least moderate, and the metabolic acidosis in the arterial sample is mild to moderate. In addition, although the usual relationship between venous and arterial values is intact (that is, the arterial pH and PO 2 are lower and the arterial PCO 2 is higher), the differences or deltas are greater than normal.
b) This is the correct answer. The umbilical vein is more easily compressed than the umbilical arteries because it has a thinner muscular wall and the internal pressure of the blood in the vein is much lower than in the arteries. As the umbilical vein is compressed, blood flow in it is either slowed or comes to a complete halt. The pH, PCO 2 , and base excess 1 change quite slowly even in a completely occluded umbilical vessel, because the surrounding tissue has very little metabolic activity, using very little oxygen and producing very little carbon dioxide. Meanwhile, the fetus is being deprived of its usual supply of oxygen and blood volume. A decrease in the supply of oxygen and hypovolemia 2 result in a progressive deterioration of the umbilical artery blood gas. If partial or total umbilical venous occlusion occurs periodically, as is usually the case, the umbilical artery cord gases may recover partially or completely between episodes. If the episodes are severe enough or frequent enough, recovery of the umbilical artery blood gas between episodes of cord compression may become progressively less over time.
Although harder to occlude, even the umbilical arteries may become occluded if sufficient external pressure is applied. If this occurs, the umbilical artery blood gas will only reflect fetal blood gas status at the time of the arterial occlusion. 
Differences (deltas) between the umbilical venous and arterial samples can become very great. For example, an umbilical venous pH may be almost normal and an umbilical arterial pH may be extremely low. Umbilical arteriovenous PCO 2 differences of Ͼ25 mm Hg in infants with an umbilical artery pH of Ͻ7.00 are associated with an increased incidence of seizures, hypoxic-ischemic encephalopathy, cardiopulmonary and renal dysfunction, and abnormal development at discharge. Although with partial umbilical cord occlusion, the umbilical artery blood has an increased delta with respect to the umbilical venous sample, the venous sample may have significant respiratory and metabolic acidosis as well. The reason for this is not clear, because cord occlusion does not in and of itself interfere with carbon dioxide and oxygen exchange across the intervillous space. However, placental hypervolemia may decrease the efficiency of maternal-fetal exchange; alternatively, the degree of umbilical artery blood abnormality may exceed the ability of the placenta to normalize the blood in a single pass. In addition, cord occlusion does not preclude a preexisting or simultaneous occurrence of uteroplacental insufficiency.
When uteroplacental insufficiency is the cause of fetal metabolic acidosis, the degree of metabolic acidosis is approximately the same in both the umbilical venous and arterial samples. However, when partial umbilical cord occlusion is the cause of metabolic acidosis, the umbilical artery sample may have a metabolic acidosis that is significantly more severe than the metabolic acidosis found in the umbilical cord venous blood. This difference in the degree of metabolic acidosis may range from small to extremely large.
